Endo-β-1,3-glucanases (laminarinase, EC 3.2.1.6) from marine molluscs 20 specifically degraded laminarin from brown algae producing laminaribiose and glucose, 21 but hardly degraded laminaribiose. For the complete depolymerization of laminarin, 22 other enzymes that can hydrolyze laminaribiose appeared to be necessary. In the present 23 study, we successfully isolated a laminaribiose-hydrolyzing enzyme from the digestive 24 fluid of a marine gastropod Aplysia kurodai by ammonium sulfate fractionation 25 followed by conventional column chromatographies. This enzyme, AkLab, named after 26 the scientific name of this animal and substrate specificity toward laminaribiose, 27 showed an approximate molecular mass of 110 kDa on SDS-PAGE, and optimum pH 28 and temperature at around pH 5.5 and 50 o C, respectively. AkLab rapidly hydrolyzed 29 laminaribiose and p-nitrophenyl--D-glucoside, and slowly cellobiose, gentiobiose and 30 lactose, but not sucrose and maltose. AkLab showed high transglycosylation activity 31 and could produce a series of laminarioligosaccharides larger than laminaritetraose from 32 laminaribiose (a donor substrate) and laminaritriose (an acceptor substrate). This 33 enzyme was suggested to be a member of glycosyl hydrolase family 1 by the analysis 34 for partial amino-acid sequences. 35 36 3
Introduction 39
β-1,3-Glucanase (EC 3.2.1.6) is an enzyme that hydrolyzes β-1,3-glucosyl 40 linkage of -glucans producing -1,3-glucooligosaccharides and glucose. This enzyme 41 distributes over fungi, bacteria, higher plants, and marine mollusks (Sova et al., 1970; 42 2008). Concomitantly, properties of molluscan enzymes also seemed to vary depending 54 8 ammonium sulfate fractions. These fractions were pooled, and dialyzed against 10 mM 127 sodium phosphate buffer (pH 7.0), and then subjected to a TOYOPEARL DEAE-650M 128 column (2×45 cm) pre-equilibrated with 10 mM sodium phosphate buffer (pH 7.0). 129
The adsorbed proteins were eluted with a linear gradient of NaCl from 0 to 300 mM 130 ( Fig. 1A) . Laminaribiose-hydrolyzing enzyme was eluted at around 100 mM NaCl. The 131 fractions were pooled and concentrated with VIVASPIN 20 (Sartorius AG, Goettingen, 132
Germany) and subjected to AKTA FPLC (GE Healthcare Life Science) equipped with a 133 Superdex 200 10/300GL column, and the proteins were eluted with 300 mM NaCl -10 134 mM sodium phosphate (pH 6.0) (Fig. 1B) . The active fraction in this chromatography 135 showed a single band with a molecular mass of approximately 110 kDa on SDS-PAGE 136 The laminaribiose-hydrolyzing activity was assayed at 30 o C in a reaction mixture 141 containing 5 mg/mL of laminaribiose (L2), 0.5 -1.0 m unit (U)/mL of enzyme and 10 142 mM sodium phosphate buffer (pH 5.5). The amount of glucose released from L2 was 143 determined by the glucose CII-test kit Wako (Wako Pure Chemical Industries). One unit 9 of laminaribiose-hydrolyzing activity was defined as the amount of enzyme that 145 liberates 2.0 μmol glucoses per min since two moles of glucose are produced from one 146 mole of laminaribiose. If laminaritriose or larger substrates were used as substrates, one 147 unit of activity was defined as the amount enzyme that liberates 1.0 μmol glucoses per 148 min. Hydrolyzing activity for the -pNP-derivatives was assayed in a reaction mixture 149 containing 2.5 mM pNP-derivatives and 10 mM sodium phosphate (pH 5.5) and 0.5 -150 1.0 mU/mL of enzyme at 30 o C. p-Nitrophenol (pNP) released by the degradation of 151 -pNP derivatives was determined with the molar extinction coefficient 1.81×10 5 M -1 ･ 152 cm -1 at 410 nm. One unit of -pNP derivative-degrading activity was defined as the 153 amount of enzyme that released 1.0 mol pNP per min. pH dependence of the enzyme 154 was measured at 30 o C in reaction mixtures containing 5 mg/ml laminaribiose, 50 mM 155 sodium citrate buffer (pH 3.5 -6.0) and 50 mM sodium phosphate buffer (pH 5.5 -8.1). 156
Temperature dependence was measured at 4 -70 o C in a reaction mixture containing 10 157 mM sodium phosphate buffer (pH 5.5). Thermal stability of the enzyme was assessed by 158 measuring the activity remaining after the heat-treatment at 4 -70 o C for 15 min. All 159 assays were triplicated and the data were indicated as average values with standard 160 deviations. was purified 110-fold at a yield of 5.1% and the specific activity 3.4 U/mg (Table 1) . We 213 named this enzyme AkLab after the scientific name of the animal and its 214 laminaribiose-hydrolyzing activity. Optimum temperature and pH of AkLab were 50 o C 215 and pH 5.5, respectively ( Fig. 2A and 2B ). The temperature that caused a half 216 13 inactivation during 15-min incubation was at around 48 o C ( and Table 2 ). The activity toward L2 was significantly high, i.e., it was approximately 226 20-times higher than those toward other laminarioligosaccharides. AkLab slowly 227 degraded cellobiose (β-1,4-glucoside), gentiobiose (β-1,6-glucoside) and lactose 228 (β-1,4-galactoside), but not α-glycosides like maltose and sucrose (Table 3 ). The 229 activities toward cellobiose and gentiobiose were 1/3 -1/5 of the activity toward 230 laminaribiose (Table 3) . AkLab showed high activity toward pNP -D-glucoside and 231 low activity toward pNP -D-galactoside, but practically no activity toward other -pNP 232 derivatives tested (Table 4 ). AkLab could not degrade polymer substrate laminarin (data 233 not shown). From these results, we concluded that AkLab is a -glucosidase-like 234 14 enzyme with high preference to laminaribiose. 235 L4 -L7 appeared. During the reaction, glucose was produced concomitantly with the 246 rapid decrease in L2 and moderate decrease in L3. These results strongly suggested that 247
AkLab transferred glucose unit of L2 to L3 by the transglycosylation activity and 248 produced glucose and oligosaccharides larger than L3. Interestingly, the 249 oligosaccharides thus produced were considerably stable, i.e., they accumulated in the 250 latter phase of reaction. This result can be interpreted by the substrate specificity of 251
AkLab that hydrolyzes laminaribiose in much higher rate than any other 252 15 oligosaccharides ( Fig. 4 and Table 2 ). It is also possible to consider that the 253 transglycosylation products were not -1,3-linked oligosaccharides but other isomers 254 with different glycosyl linkages which AkLab hardly hydrolyzes although their 255 structures were not analyzed in the present study. Therefore, to understand the whole process for laminarin assimilation in mollusks, more 295 detailed studies on laminarin-degrading enzymes seemed to be necessary. In the present 296 study, we succeeded to purify the laminaribiose-hydrolyzing enzyme AkLab from the 297 common sea hare A. kurodai. This enzyme showed significantly higher activity toward 298 laminaribiose than other oligosaccharides. Thus, AkLab was considered to be the 299 enzyme responsible for the hydrolysis of laminaribiose that had been produced by 300 AkLam36 and AkLam33 in the digestive fluid of A. kurodai. 301 and β-1,6-glucoside (gentiobiose) (Fig. 4, Table 2 and 3). -pNPG was also a preferable 313 substrate for AkLab (Table 4) ; however, laminarin was not degraded (data not shown). 314
The exo-β-1,3-glucanase from H. pomatia was reported to be capable of hydrolyzing 315 laminarin, laminaribiose and gentiobiose, but not cellobiose (Marshall and Grand, 1975) . oligosaccharides but also -1,6-linked oligosaccharides were produced by the 336 transglycosylation. Laminarinase hydrolyzes mainly β-1,3-glycosyl linkage; however, it 337 can hydrolyze β-1,4and β-1,6-linkages adjacent to -1,3-linkages in certain conditions. 338
Therefore, AkLab may also produce oligosaccharides possessing different 339 configurations of glycosyl linkages. Actually some spots with different mobility from 340 marker sugars were observed between L2 and L3, and below L4 in TLC (Fig. 5) . In 341 addition, the oligosaccharides produced by the transglycosylation were considerably 342 20 resistant to AkLab (Fig. 5) . These oligosaccharides may contain the glycosyl linkages 343 distinct from -1,3-linkage. Although the structures of transglycosylation products have 344 not been analyzed yet, these results suggested that AkLab was available for the 345 synthesis of artificial glycosides and oligosaccharides with beneficial functions. Beside 
